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1. Introduction
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1. Introduction

 The automotive industry is undergoing a fundamental transformation driven by
Artificial Intelligence (Al), enabling vehicles to perceive, decide, and act
autonomously.

* Integration of Al spans across Connected, Autonomous, Shared, and Electric
(CASE) domains.

« Al algorithms power advanced perception, decision-making, predictive
maintenance, and driver assistance systems (ADAS).

« MATLAB® and Simulink® provide a comprehensive ecosystem for the design,
simulation, and validation of intelligent automotive systems—f{rom concept to real-
time deployment.

Representantes exclusivos da MathWorks no Brasil
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2. Motivation
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Complexity Safety Al lntegration

Exponential Growth
of Al Use Cases

A

Perception Control Diagnostics
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2. Motivation

« Growing Complexity: Modern vehicles integrate thousands of signals from
cameras, radar, lidar, and ECUs — exceeding what traditional rule-based systems
can manage.

« Safety & Efficiency: Al enables real-time analysis for collision avoidance,
adaptive driving, and predictive maintenance.

- Data Explosion: Autonomous vehicles generate terabytes of data per day, fueling
the need for scalable Al models.

* Industry Demand: OEMs and suppliers are rapidly adopting Al-driven
development to meet ISO 26262 and SOTIF safety standards.

- MATLAB® Advantage: Offers end-to-end support for Al workflows — from data
preprocessing to training, simulation, and C-code generation for embedded
deployment.

Representantes exclusivos da MathWorks no Brasil
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3. Al and the Automotive Revolution

Rapid integration of Al in

Connected, Autonomous, Shared, T
and Electric (CASE) vehicles @ . {Cj} @

Rule-based Machine Deep
systems learning learning |ntegrat|on

Role of MATLAB® & Simulink as a
bridge from research to 1980s
deployment

1990s 2000s 2020s
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4. MathWorks Ecosystem for Automotive Al

« MATLAB® Toolboxes:
* Deep Learning Toolbox™
« Automated Driving Toolbox™
* Reinforcement Learning Toolbox™
 Predictive Maintenance Toolbox™
« Computer Vision Toolbox™

« Simulink® for system simulation, HIL, code generation (Embedded Coder)
 Visual: MATLAB-Simulink workflow diagram
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5.1. GSA Achievements

ENGINE CALIBRATION PROCESS OPTIMIZATION 2022
Hilkija Gaius, E.E.

USING ARTIFICIAL INTELLIGENCE M.Se Student

SOFTWARE DEVELOPMENT FOR BUILDING ENGINE BLACK-BOX MODELS FOR =g B Elecrrical Engineering

SIMULATIONS. 7Y UTrer O G

Objective: Save time, resources and reduce repeat of experiments.

Software Application

----------------------------------------------------------

Calibration base

on Engine Model

* Engine Black- : g g
—>  Box Model € v’r-y
* Virtual data = i

Optimization Algorithms Artificial Neural Network

sheet

* Engine data @\ ™ :
o & ) b Innovation
aquisition e e e ¥ 4 g v ___Temsorflow____________________ 1 @ X
* Reduced data sheet is here
Bench Testing

GSA
4 ﬁ.-' w_ —— ] A— .
Nan. <ad”, Engine Black- ) — \ Time, Resources, and
S Yl g | —> Box Model ’ I. Repeat of experiments
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5.1. GSA Achievements

REAL-TIME ADAPTIVE OBJECT DETECTION AND e ﬂ?022 "y
TRACKING FOR AUTONOMOUS VEHICLES e

Electrical Engineering

UTrrr GS

Objective: Development of versatile multistage algorithm for multiple object classifi-
cation and localization for real-time environments:

Adaptive
Control
T
L

' t=1
[

Sensor Sequential Image

ro O Feed

Camera ‘/
Detecti Tracki |
etection racking .
N A @1

Prediction

I . pe .
| Post-Prediction = ™ New classification;
YOLOV3 Processes ®  Accurate localization.
E@ . (Localization and Classification) ﬁl"‘l\
\'\.r} D — O
Adaptive Stage - Prediction
Shift System O results A

: sults
! HART
: (Localization)

®  Fast localization based on prior information.
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5.1. GSA Achievements

DESIGN AND DEVELOPMENT OF A MODEL-BASED I
PREDICTIVE CONTROL SYSTEM FOR AUTOMOTIVE O o

Electrical Engineering

rer k2 GS

THERMAL MANAGEMENT

Objective: Development of a model-based predictive control (MPC) system with
machine learning technologies for the thermal regulation of the refrigerant fluid:

= Offline fan speed optimization with reinforcement learning. Dimensionality reduction of processed
thermal impacts.
—y =  Neural network controller for the in-vehicle forecasting
Clusters and regulation
Multivariate time —— —
R (Reward) series S ==y ) AN
f H S oo H N, Featre || e ,
l — = w = 1 % spacc i Forecasting Feedback
A (Action) . — — — ‘:.\‘\ i : Target predictions i
Agent > Environment Fi 3 K} ....... s : Torget series . Controller
(Reinforcement learning controller) N (Target series predictor) n 4 NS F% il ! ¥ :
-.‘ R e T i i : Past ! Autoe de . .
1 ‘\ - H - values Htoencoder Thermal impact .
* — e . Driving series : S
N e L p R ' Latent feature space | &
S (State) . BBl | | - ; ’ PR §
H K S =l I B D | R &
h 4 ”’%’ T ~ <&
Action (Accumulated gains) 1 "b'_?(‘ w , s Fan hardware
%,
Fan speed demand array I:z ] J;J ] _I: ] +m 2
a1 F-=o a3 ag i T Qr, ..
oo ~ el
: Physical Signals Processed Optimized
L .
L from Sensors Dutq Engine
> Cooling
NN controller training
Heavy-Duty Vehicle Neural Network Diesel Engine
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5.1. GSA Achievements

DESIGN AND DEVELOPMENT OF A VOICE ASSISTANT 2022
FOR AUTOMOTIVE DASHBOARD CONTROL e e e

Electrical Engineering

THE PROJECT AIMS TO DEVELOP AN ADVANCED COMMAND CONTROL SYSTEM BASED : !
ON VOICE RECOGNITION WITH ARTIFICIAL INTELLIGENCE TECHNOLOGIES. UTPR <()> Gs

Objective: Development of a system capable of activating vehicle functions by voice commands. These functions
include but are not limited to headlights and turn signals control.

é COMMAND RECOGNITION
® I

I
|
| SPEECH-TO-TEXT (STT)
I
I
Driver \I Microphone I
|
I
|
I
I
I

M\\

I
I
I
I
I
I
I VOICE FEATURES SIMILARITY
I
I
I
I
I
I

I [EEPP 4rigger Recording SPEAKER Ce 55 el
—— | Button G - 082
r I VERIFICATION e, [e2 ]~ | €253 —

I L _————T———TT
|
:Id o I)RIVER IDENTIFICATIONI : FEATURE EXTRACTI
enftirie river .
e | Whose voice
is thise

— 0.85
i [ 6o | [ s

SPECTROGRAM CLASSIFICATION /| o o o~
)

Dashboard Speakers

ON

1 — The driver is unknown

— e —— e —— —— —— ————
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5.1. GSA Achievements

% GS/A CarCara

Sensors for Real Time Data Acquisition - DAQ

N @ <© 80 a

Radar CAN Camera IMU GPS

P .

“

( A
DAQ - Record

CAM FRONT LEFT

CAM FRONT CENTER

CAM FRONT RIGHT

CAM REAR LEFT /

CAM REAR RIGHT
GPS
CAN

|
|

Radar : Lab Database SmartCloud vMDM for
l

1l
2.
3.
4.
5. CAM REAR CENTER
6.
7.
8.
9.

CANape
10. MU for DAQ Dataset CANape Config DAQ r\'/)lanagement
Dataset Record \ GSA Vector !
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5.2. Al for ADAS and AD

Mobileye

Vision processing
Detection, recognition
and tracking

NVIDIA

Renesas

 ADAS Control
* Vehicle Dynamic Model
e Steering and Pedal Control

 ADAS Control
* Vehicle Dynamic Model
° Steering and Pedal Conmtroedentantes exclusivos da MathWorks no Brasil
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5.2. Al for ADAS and AD

Adaptive
Cruise Control

p ‘/,

- : /4
4 Y

i
MATLAB

Lane
Keeping —
Assist

Automated
Emergency Braking
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5.2. Al for ADAS and AD

Planning

Counterfactuals ;¢ Road-rules

[ ﬁ@

. @QO@

Slowing down to prevent 1¥1177
risk near a group of

pedestrians on the
sidewalk
Perception ' Attention
[Explams next actions
! [Infers causes and goalsk
LARGE LANGUAGE MODEL (Understands the scene

//, \\ Anticipate risks in an
urban leisure area

I.l with pedestrians

-
N=7
I nte rsectio n Of LLM a n d ITS Representantes exclusivos da MathWorks no Brasil
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5.2. Al for ADAS and AD

ADAS IDAS SDAS FAS

(Reactive) (Adaptive) (Collaborative) (Autonomous)

senses and understands communicates decides and
reacts and learns and optimizes drives
indepen dently



5.2. Al for ADAS and AD
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Multidisciplinary Skills

Detection Localization

ﬁ e

. i

e —
_——
=L

s

Tracking &
o S, TG C/C++ MISRA

~
Y4 ™
Software

GPU HDL

Architectures

AUTOSAR
ROS DDS

RoadRunner

product family

4.7

MATLAB & Simulink

product family

Polyspace
product family
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5.3. Al-Based Automotive

Al-Based Fuel Level Estimation and Sensor Calibration

Problem Statement:

* Accurate fuel level estimation is Calibration-Free
difficult due to sensor noise, nonlinear AlModel Inference  FuelLevelEstimation
behavior, and environmental <@ | ‘
variations. j .

. . Input J L ;

Our Solution: Lol I 2

« Using MATLAB® Al models, a Wide Neural &

Network achieved 96.5% accuracy, ensuring
reliable and intelligent fuel prediction. Fuel Level

Sensor

Source: Rafael Dommguez ~ Luxoft Representantes exclusivos da MathWorks no Brasil
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5.3. Al-Based Automotive

Classification Learning
) 4 )

Evaluation Pane Validation Confusion Matrix
Models ] Predictions: model 5
Accuracy %) Accuracy%)
36
Wide Neural Network 96.4%
e | |38
Gaussian SVM 964% | [ Ty § > 1 | 66
b &),
Fine KNN 96.3% CRUNER -
. o l—13 1|18 |52 |81
Medium Neural Network 74.3% L . Bo o AP
Tree 74.3% 18 1 |73 |93 | 119 [BE
13 10 | 80 | 81 | 137 L
53 | 73 | 72 | 114
13
1 2 3 4 5 6 7 8 1 13 13
Predicted Class

\ 5

Source: Rafael Dommguez — Luxoft Representantes exclusivos da MathWorks no Brasil
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5.3. Al-Based Automotive

Intelligent Knock Detection and Adaptive Control in Spark
Ignition Engine through Time-Series Deep Learning

\‘/ \:‘LP\
Engine Speed e f . ok
Knock Detection
Enginer Air Load i
g Knock Noise Knock Noise Knock Control —>
— Model > Module Ignition Advance
Peak Detonation ode Simulink Model >
Pressure

Ignition Advance

Crarasnan Angse (segi
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5.3. Al-Based Automotive

Intelligent Knock Detection and Adaptive Control in Spark
Ignition Engine through Time-Series Deep Learning

. R ; .
Control System of SI Engine ) ( Al/\BasOn Air-Fuel Air Intake
e . S Ratio Sersor
Driver Torque »| Optimization
Demand H Coordination
A\
)

Al th ;
il 5. Advanced Control E"%m Speed
I (NN Module ensor

A/C Compressor
Power Steering
Torque Demand
Alternator

(—
J I il
N
Electronic Erreinu W
Torque Throttle | (ETC,pent
Request Contmand =)
Inject
Emergency _J v v njectors
\

s Tunochigr

!

Torque Demannd

Braking System Al/-ML-Based ¢
: Torque Optimization L Arflow
Cooling Fan N
OtherSignas —>Command 1k | Gommand @ Turbocharger
( Control

N

|
» ADAS / > Engine »
Connected l Spged N R:s?)?)cnkse Ig'nlt.lng
Systems ~  Other Setpoint Timing -
» Logging” Signals Tubor
Al/ML Chargager
Coaling Fan Optimization \-« Control N
Catalytic Heting
Logging /%
~ = ( Advanced &3 Wastegate Command
Torque Command) L Control Module y Turbocager

Engine Management System (EMS) SI Engine

v h 4

N
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5.4. Al for Perception

Object Detection with Deep Learning (YOLO/CNN)

« Tool: Deep Learning Toolbox™ + Automated Driving Toolbox™
* Application: Detect vehicles, pedestrians, and traffic signs

Traffic Sign
Input images FR-CNN for feature extracion Ouput images pedestrl an
object
—— % detection

network

- .«

MATLAB Al

Representantes exclusivos da MathWorks no Brasil
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5.4. Al for Perception

Lane Detection Using Semantic Segmentation
» Tool: Deep Learning Toolbox™
« Dataset: Ground truth images and videos
« Result: Lane markings extraction under various conditions

Representantes exclusivos da MathWorks no Brasil
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5.4. Al for Perception

Driver Monitoring System
» Tool: Computer Vision Toolbox™ + Deep Learning Toolbox™
« Use: Detect drowsiness, distraction, and gaze direction

Interbras Devices

2 Cameras VHDM 3020D

External pose below the mirrors on the back
view of the left and right sides of the vehicle

1 DCM5004 GW |IA 1 VHDM 1012DSM
Internal pose (external view_) with Al to Internal pose (internal view to driver) to monitor
lane departure warning 2 when the driver is smoking or using a phone

Representantes exclusivos da MathWorks no Brasil
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5.5. Al for Decision and Control

Adaptive Cruise Control (ACC) with Reinforcement Learning
« Tool: Reinforcement Learning Toolbox™ + Simulink®
« Use: Optimize following distance and comfort

AGENT . . )
» POLICY
OBSERVATION ACTION
LICY '-
REINFORCEMENT \
LEARNING ‘ \
ALGORITHM | | 1 \ \
\ | — | | — | RN
| ! \ | | |
| ‘ | ". l \
| | |
F 3 I| | ||
1
\ ', [ [ | |I
REWARD ' | | | |

ENVIRONMENT }. . | | | I

(
\
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5.5. Al for Decision and Control

Automatic Emergency Braking (AEB)
» Tool: Automated Driving Toolbox™ + Deep Learning Toolbox™
« Use: Predict collision and apply braking

Ego Vehicle Lead Vehicle

Forward Collision Partial Braking
Warning (FCW) '

Full Braking

2nd stage
15t stage |
Time-To-Collision
Trew LY Teez  Trs (TTC)
Safe Zone

Sonore Alert
Braking at 50%
Braking at 90~100%

Source: Tlago Horiy and Lucas Portello Representantes exclusivos da MathWorks no Brasil
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5.5. Al for Decision and Control

Lane Keeping Assist (LKA) via End-to-End Learning
* Tool: Deep Learning Toolbox™ + Simulink®
« Use: Steering control from raw camera input

Lane Keeping Control Real-Time Test Bench

== = i [ |
— — =
= S - Sers | =RSER
= -t = = ==
i T
@ Real-Time Application - Controls @ Real-Time Application - Virtual Vehicle [OR
Speadgoat RCP aedooat Ml _
- Vehicie dynamics Vohicle gynamics —+
Stoering control —» «— Raw cameda lons moge
t s me | i ey —
Cameora Raw comera
234 metadata Vehicle & lons inage
Lateval a A, dori .
Controtter / \ Camera ,
e Perception __—_) Camera )C
AAATI AD ¥ : i
MATLAB EXPO 4\ MathWorks 16

https://www.mathworks.com/videos/real-time-prototyping-and-testing-for-adas-lane-keeping-and-following-assist-systems-1603141419864.html
Representantes exclusivos da MathWorks no Brasil
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5.6. Predictive and Diagnostic Al

Predictive Maintenance for Electric Vehicles

e Tool: Predictive

Maintenance 95%

Toolbox™ Battery

e Use: Battery health
estimation and
motor fault
prediction
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5.6. Predictive and Diagnostic Al

Al for Radar and Sensor Fusion
« Tool: Sensor Fusion and Tracking Toolbox™
« Use: Combine radar, lidar, camera, and IMU data for robust perception

Sensor Fusion and Tracking Toolbox

Design - Simulate - Validate - Deploy

Radar

EO/IR IMU/GPS

https://www.mathworks.com/videos/what-is-sensor-fusion-and-tracking-toolbox-1746697750531.html Representantes exclusivos da MathWorks no Brasil



5.7. Al in Manufacturing and Validation
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Al-Based Quality Control in Production Lines
« Tool: Computer Vision Toolbox™ + Statistics and Machine Learning Toolbox™
« Use: Visual inspection and defect detection

Development Computer
(= -
> fas
L it

TwinCAT
\ PLC Runtime /

)

uuuuu
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5.7. Al in Manufacturing and Validation

Scenario Generation for ADAS Validation Using Al
 Tool: Automated Driving Toolbox™ + Reinforcement Learning Toolbox™

 Use: Generate test scenarios for simulation and HIL environments
. - T WY T W

Representantes exclusivos da MathWorks no Brasil
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6. Challenges and Future Directions

« Data quality and annotation challenges

Real-time implementation and embedded deployment (GPU, FPGA)
Explainable Al (XAl) and safety standards (ISO 26262, SOTIF, 1ISO 21434)
Integration with Vehicle-to-Everything (V2X) and cloud platforms
Visual: Future roadmap of Al in automotive

Representantes exclusivos da MathWorks no Brasil
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« MathWorks, Automated Driving Toolbox™

« DocumentationMathWorks, Reinforcement Learning Toolbox™

« User GuideMathWorks, Predictive Maintenance Toolbox™ Examples
« MathWorks, Deep Learning with MATLAB® (2024)

* |[EEE Transactions on Intelligent Transportation SystemsSAE J3016 — Levels of
Driving Automation

* |ISO 26262 — Functional Safety for Road VehiclesSOTIF ISO/PAS 21448 —
Safety of the Intended Functionality

« MathWorks Webinar — Al-Powered Design for Automotive Systems

4 MathWorks: QIEEE 4

INTERNATIONAL:
Representantes exclusivos da MathWorks no Brasil

International
Organization for
Standardization




Do you have any doubts and comments?

Follow our social networks
@opencadd ® @opencadd G @opencadd
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